A systematic review was conducted to assess the association between apical periodontitis (AP) and cardiovascular disease (CVD). Studies published from the earliest date available until September 2015 were retrieved from the Medline, PubMed and Embase databases. The included studies reported the results from observational studies and assessed the link between AP and CVD as confirmed by one of the following criteria: diagnosed coronary artery disease, angina pectoris, acute myocardial infarction, stroke or mortality caused by cardiac pathology. The study characteristics were abstracted by independent researchers following the PRISMA standard protocol. NOS criteria were used to rate the quality of the studies, and the GRADE was used for level of evidence evaluation. Nineteen epidemiological studies fulfilled the predetermined inclusion criteria: 10 case-control studies, five cross-sectional studies and four cohort studies. There was considerable heterogeneity amongst the included studies in terms of their study design, population, outcomes of interest and AP evaluation methods. Considering the limited availability and the heterogeneity amongst the studies, meta-analysis was not attempted. Thirteen of the 19 included studies found a significant positive association between apical periodontitis and cardiovascular disease, although in two of them, the significance was present only in univariate analysis. Five studies failed to reveal positive significance, and one study reported a negative association. In conclusion, although most of the published studies found a positive association between apical periodontitis and cardiovascular disease, the quality of the existing evidence is moderatelow and a causal relationship cannot be established.
Introduction

Rationale
The prevalence of apical periodontitis (AP), inflammation of the periapical tissue as a result of bacterial infection of the dental pulp, is as high as 34-61%, and it increases with age (Dugas et al. 2003 , JimenezPinzon et al. 2004 , Lopez-Lopez et al. 2012 . Five per cent of all teeth without root canal treatment (RCT) and 25% with a RCT have a periapical radiolucent lesion, which is the radiographic characteristic of AP (Pak et al. 2012) . Overall, AP is likely underestimated, due to the limited sensitivity of radiographs.
Cardiovascular disease (CVD) remains the number one cause of death throughout the world, accounting for three in every 10 deaths in 2012, despite the prevalence and success of lipid lowering drugs [http://www.who.int].
Cerebrovascular disease (stroke, transient ischaemic attack) results from some of the same processes as CVD. Although CVD is recognized as a chronic inflammatory condition, with contributions from known risk factors such as age, gender, tobacco smoking, diabetes and high cholesterol levels, less focus has been directed towards the potential contribution of inflammatory processes that may further contribute to CVD (Jousilahti et al. 1999) . In this category is AP.
The potential association between CVD and chronic inflammatory processes of endodontic origin or chronic AP has been thoroughly reviewed (Cotti & Mercuro 2015 , Segura-Egea et al. 2015 . Although endodontic infections cause a local tissue response, there is compelling evidence that like periodontitis, chronic AP may not be exclusively a local phenomenon, and may contribute to systemic inflammation (Jousilahti et al. 1999 , Gomes et al. 2013 , Brown et al. 2015 , Cotti & Mercuro 2015 , SeguraEgea et al. 2015 . To date, no systematic review with a quality assessment has been published to investigate studies on the association between CVD and chronic AP.
Objective
The objective was to conduct a systematic review of the literature for evidence of an association between AP and CVD or cerebrovascular disease in humans. Participants, Interventions, Comparisons, Outcomes, Study Designs (PICOS) questions were predetermined in order to specifically address and achieve the aforementioned aims and objectives (Moher et al. 2009 ( Table 1) .
Review
Eligibility criteria
They are presented in Table 1 . At first, a search was undertaken to identify all types of studies that researched the relationship between AP and CVD or cerebrovascular disease with no language limit applied. The search was conducted to identify all the available literature, from the earliest available date until September, 2015. Next, for the quality assessment part of this review, the language of the included studies was restricted to English and studies were systematically selected according to strict criteria, using the PICOS inquiries, as detailed in Table 1 .
Information sources
The Medline, PubMed and Embase databases were electronically searched from the earliest available date until September, 2015. The electronic search was further supplemented with an additional hand-search citation mining process.
Search strategy
The search strategy was developed and conducted with an experienced reference librarian. The search was assembled from synonyms for AP and CVD. 
Data management
Mendeley reference manager (Mendeley, Inc., New York, NY, USA) was used for record and data management throughout the review. Duplicates were identified and discarded.
Selection process
Titles and abstracts of the studies selected in the preliminary analysis were scanned, and potentially qualifying studies were identified by two independent examiners (YB, LL). These studies received full-text assessment with respect to inclusion criteria (Table 1) . The authors adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) standard for reporting systematic reviews (Moher et al. 2009) . Any disagreement between the examiners was resolved by discussion until agreement was reached.
Data collection process
The relevant studies were subjected to a comprehensive text evaluation, including data extraction and methodological quality analysis. Any disagreement between the examiners was resolved by discussion until agreement was reached.
Data items
The following information was collected from each included study: names of the authors, year of publication, study design, total number of subjects at baseline, population characteristics (age, gender, country), inclusion years, follow-up period, exposure, outcome or end-point, evaluation methods, adjusting factors, odds ratio (OR), relative risk (RR), main results and study limitations.
Outcomes
To evaluate the association between AP and CVD, CVD was defined as the outcome, as detailed in Table 1 .
Quality and risk for bias in individual studies assessment
The quality of each study was rated independently, based on established criteria according to the Newcastle-Ottawa Scale (NOS) for 'assessing the quality of nonrandomized studies in meta-analysis' (Wells et al. 2014) , and a consensus was reached (Tables S2 and  S3 ). Although the NOS was originally formulated for use for case-control and cohort studies, it was adapted for assessing cross-sectional studies in this review, as previously described (Gomes et al. 2013) .
Data synthesis
Due to heterogeneity amongst the studies, quantitative synthesis was not appropriate. If a statistically significant association between AP and CVD was reported by an individual study, it was coded by the authors as present, 'Yes'; if absent, it was coded by the authors as 'No', as shown in Tables S4 and S5 .
Meta-biases
Study limitations were assessed and presented under 'limitations' in Tables S4 and S5 .
Confidence in cumulative evidence
The strength of the body of evidence was assessed according to the GRADE approach (Balshem et al. 2011 ).
Search results
Figure 1 is a PRISMA flow chart of the search results, adopted from Moher et al. 2009 . A total of 2101 records were identified using the three databases. After duplicate removal and title and abstract review, 47 studies were identified for full-text assessment. References from these 47 studies were inspected, and an additional 11 studies were identified for full-text assessment. Therefore, a total of 58 studies underwent full-text assessment, after which 39 studies were excluded (Table S1 ). The remaining 19 studies were finally included for quality assessment and systematic review ( Table 2) .
Availability of literature
There were 19 studies which fulfilled the predetermined inclusion criteria (Table 2) . Of these, 10 were case-control studies (Grau et al. 1997 , Rutger Persson et al. 2003 , Oikarinen et al. 2009 , Willershausen et al. 2009 , Friedlander et al. 2010 , SeguraEgea et al. 2010 , Cotti et al. 2011 , Pasqualini et al. 2012 , Cotti & Mercuro 2015 . Five were cross-sectional studies (Aleksejuniene et al. 2000 , Frisk et al. 2003 , Glodny et al. 2013 , Costa et al. 2014 , Petersen et al. 2014 . Four were cohort studies (Jansson et al. 2001 , Caplan et al. 2006 , Inchingolo et al. 2014 , Gomes et al. 2016 .
Studies that presented only general dental scores, where AP was a part of other dental conditions without specific assessment for AP, and where no separate data regarding AP status were presented, were excluded from analysis in this review (Mattila et al. 1989 , 1995 , Syrjanen et al. 1989 , DeStefano et al. 1993 , Hujoel et al. 2001 , Meurman et al. 2003 , Janket et al. 2004 , Haikola et al. 2013 , Budin et al. 2014 (Table S1 ).
There was considerable heterogeneity amongst the included studies in terms of their study design, study population, outcomes of interest and AP evaluation methods (Tables S4 and S5) . As a result, meta-analysis was not attempted.
Causal versus noncausal associations
According to the findings of the present review, although some epidemiological evidence supports an association between chronic AP and CVD, a causal influence of AP on CVD remains unclear and should be further investigated. The Bradford Hill criteria are a group of minimal conditions necessary to provide adequate evidence of a causal relationship between an incidence and a possible consequence (McMichael 2005) . To date, the Bradford Hill criteria have not been fulfilled and causality cannot be established for AP and CVD. Below, each criterion is presented, defined according to McMichael (2005) and addressed in relationship to the results of this study.
Strength of association
A strong association is more likely to have a causal component than is a modest association. Amongst the 13 studies which found a positive significant association between AP and CVD, only four reported the OR, which ranged from 1.54 to 4.45 (Pasqualini et al. 2012 , Willershausen et al. 2014 , Costa et al. 2014 . The wide variation in OR values can be explained by the variability in methods and in definitions of exposure and outcomes, etc. (as further discussed under the title 'Heterogeneity' below). The significant ORs reported by these four studies may have clinical significance, as an example a systematic review published in 2009, investigating the association between periodontal disease and CVD (Blaizot et al. 2009 ) can be used. In that review, a meta-analysis was performed and the pooled odds ratio calculated from the 22 case-control and cross-sectional studies was 2.35 (95% CI [1.87; 2.96], P < 0.0001) (Blaizot et al. 2009 ). The risk of developing cardiovascular disease was found to be significantly (34%) higher in subjects with periodontal disease compared to those without periodontal disease (pooled relative risk from the seven cohort studies was 1.34 (95% CI [1.27; 1.42], P < 0.0001) (Blaizot et al. 2009 ). In this study, due to heterogeneity, a meta-analysis was not Endodontic lesions and cardiovascular diseases Berlin-Broner et al.
attempted and a pooled odds ratio was not calculated. Although the total contribution to CVD from oral disease may be small, it may a have critical influence, if combined with other risk factors, especially if it is considered that CVD has a multifactorial aetiology.
Consistency
A relationship is observed repeatedly. Thirteen of the 19 included studies found a significant positive association between AP and CVD (Grau et al. 1997 , Jansson et al. 2001 , Caplan et al. 2006 , Oikarinen et al. 2009 , Willershausen et al. 2009 , Cotti et al. 2011 , Pasqualini et al. 2012 , Glodny et al. 2013 , Costa et al. 2014 , Inchingolo et al. 2014 , Petersen et al. 2014 , although two studies did not demonstrate significance following multivariable analysis (Grau et al. 1997 , Glodny et al. 2013 . Five studies failed to reveal significance (Frisk et al. 2003 , Rutger Persson et al. 2003 , Friedlander et al. 2010 , Segura-Egea et al. 2010 , Gomes et al. 2016 and one study found a negative association (Aleksejuniene et al. 2000) .
Specificity
A factor influences specifically a particular outcome or population. According to the Bradford Hill criteria, the value of this rule lies in its combination with the strength of an association. For example, whilst it may be observed that the population with periapical lesions (PALs) is at higher risk for CVD, it still cannot be concluded that PALs influence specifically the cardiovascular system, due to lack of studies. As a result of the multifactorial aetiology of CVD, and the presence of other influencing factors that can serve as confounders, such as medications and systemic health, demonstrating a specific influence of PALs on CVD becomes a complex mission.
Temporality
The factor must precede the outcome it is assumed to affect. This criterion has not been fulfilled for AP and CVD, as most of the studies are cross-sectional. To date, only four cohort studies have been published (Jansson et al. 2001 , Caplan et al. 2006 , Inchingolo et al. 2014 , Gomes et al. 2016 ) and three of them found a positive association between AP and CVD (Jansson et al. 2001 , Caplan et al. 2006 , Inchingolo et al. 2014 . Longitudinal experiments in humans, intending to study the temporality between the two conditions, are logistically difficult. Atherosclerosis takes decades to develop in humans, and during that experimental time frame, a number of other factors, unrelated to endodontic disease, may accrue. Those factors can influence the cardiovascular system and add to the risk of developing cardiovascular disease.
Biological gradient
The outcome increases monotonically with increasing dose of exposure or according to a function predicted by a substantive theory. The Bradford Hill criteria favour linear relationships between exposure level and outcome; for instance, in the case of this study, increasing number of PALs should lead to a linear increase in the risk for CVD. Only one study reported results that follow that rule (Glodny et al. 2013 ).
Plausibility
The observed association can be plausibly explained by substantive matter (e.g. biological) explanations. As per Bradford Hill criteria, the presence of a biological explanation supports a causal conclusion. In one study, endothelial flow rate (EFR), which is widely considered a measure of vascular health, was evaluated in male AP patients (Cotti et al. 2011) . EFR is a reproducible index of endothelial-dependent vasodilation, indicative of endothelial function. EFR is dependent on levels of plasma asymmetrical dimethylarginine (ADMA). ADMA inhibits the enzyme nitric oxide synthase (NOS), which regulates vascular tone. Elevated ADMA levels are suggestive of endothelial dysfunction. Cotti et al. (2011) designed a prospective observational cross-sectional trial to investigate whether the state of chronic inflammation that accompanies AP may significantly alter endothelial Jansson et al. 2001 Relationship between oral health and mortality in cardiovascular diseases. Rutger Persson et al. 2003 a Chronic periodontitis, a significant relationship with acute myocardial infarction Frisk et al. 2003 Endodontic variables and coronary heart disease Caplan et al. 2006 Lesions of endodontic origin and risk of coronary heart disease Friedlander et al. 2010 Radiographic quantification of chronic dental infection and its relationship to the atherosclerotic process in the carotid arteries Oikarinen et al. 2009 Infectious dental diseases in patients with coronary artery disease: an orthopantomographic case-control study Willershausen et al. 2009 Association between chronic dental infection and acute myocardial infarction Segura-Egea et al. 2010
Hypertension and dental periapical condition. Cotti et al. 2011 Association of endodontic infection with detection of an initial lesion to the cardiovascular system. Pasqualini et al. 2012 Association among oral health, apical periodontitis, CD14 polymorphisms, and coronary heart disease in middle-aged adults Petersen et al. 2014 The association of chronic apical periodontitis and endodontic therapy with atherosclerosis Glodny et al. 2013 The occurrence of dental caries is associated with atherosclerosis Inchingolo et al. 2014 Influence of endodontic treatment on systemic oxidative stress. Willershausen et al. 2014 Association between chronic periodontal and apical inflammation and acute myocardial infarction Costa et al. 2014 Association between chronic apical periodontitis and coronary artery disease Gomes et al. 2016 Apical periodontitis and incident cardiovascular events in the Baltimore Longitudinal Study of Ageing Endodontic infection and endothelial dysfunction are associated with different mechanisms in men and women.
a Studies added from manual search of references.
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function, and serve as a predictor of possible future cardiovascular problems (Cotti et al. 2011) . The results demonstrated that serum levels of IL-1, IL-2, IL-6 and ADMA were increased significantly, whilst EFR was significantly reduced in male patients with AP when compared with healthy controls. The data suggest an early endothelial dysfunction in young male adults with AP, in the absence of CVD (Cotti et al. 2011) . Another systematic review concluded that chronic AP may significantly increase systemic inflammation (Gomes et al. 2013 ). This biological state may contribute to the development of CVD, which is known to have an inflammatory component (Hansson 2005) . Thus, at least two studies suggest a plausible biological explanation for the association between AP and CVD, supporting causality.
Coherence A causal conclusion should not fundamentally contradict present substantive knowledge. The potential causal association between AP and CVD does not contradict present knowledge.
Experiment
Causation is more likely if evidence is based on randomized experiments. This criterion is not fulfilled, as there is a lack of randomized experiments in the field.
Quality and risk for bias assessment of included studies
Quality assessment according to the NOS criteria The detailed assessment of quality for all included studies, based on the NOS criteria (Wells et al. 2014) , is presented in Tables S2 and S3 . Each casecontrol or cross-sectional study could be awarded a maximum of eight stars, whilst a maximum of nine stars could be awarded for cohort studies. All of the four included cohort studies were awarded six or more stars (Jansson et al. 2001 , Caplan et al. 2006 , Inchingolo et al. 2014 , Gomes et al. 2016 . Only four of the 10 case-control studies were awarded six or more stars (Rutger Persson et al. 2003 , Cotti et al. 2011 , Pasqualini et al. 2012 , and one received only three stars (Segura-Egea et al. 2010). Two of the five included cross-sectional studies were awarded six or more stars (Glodny et al. 2013 , Costa et al. 2014 (Glodny et al. 2013 ). The quality assessment showed a lack of high-quality longitudinal studies investigating the association between AP and CVD. To date, only four cohort studies have been published (Jansson et al. 2001 , Caplan et al. 2006 , Inchingolo et al. 2014 , Gomes et al. 2016 and three of them found a positive association between AP and CVD (Jansson et al. 2001 , Caplan et al. 2006 , Inchingolo et al. 2014 , Gomes et al. 2016 ). An existing validated tool was used for quality analysis, the NOS, to give a quantitative value to the quality of evidence. The number of stars is a tool for evaluation and a cut-off point (six stars) was selected by the authors. The quantitative analysis of the quality of the studies does not stand alone, but is considered together with the level of evidence. The level of evidence in this study was based on the GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach (Balshem et al. 2011 , see under 'Level of Evidence' below). Please note that although the type of radiograph used in the diagnosis of AP is an important factor in the quality of each study, it was not included in Tables S2 and S3 , because the criteria here are based solely on the NOS (Wells et al. 2014) . The influence of radiograph type on the quality of the study is addressed separately in Tables S4 and S5 and is further discussed below.
Quality and type of radiographs
The method used for radiographic evaluation of radiolucent AP may have a critical influence on the study results. The specificity and sensitivity vary amongst panoramic radiographs, periapical radiographs and cone beam computerized tomography (CT) images to detect a periapical lesion. The sensitivity of these three modalities is 0.28, 0.55 and 0.91-0.98, respectively, and the specificity is 1, 0.98 and 0.73, respectively (Lennon et al. 2011 , Petersson et al. 2012 ). These differences influence the ability of a clinician to detect an AP lesion. Most of the included studies (10 of 19) used panoramic radiographs as the only method for periapical lesion screening (Grau et al. 1997 , Frisk et al. 2003 , Oikarinen et al. 2009 , Friedlander et al. 2010 , Cotti et al. 2011 , Gomes et al. 2016 , or as a primary method followed by additional radiographic methods, only when a radiolucent lesion was detected on the panoramic radiographs (Aleksejuniene et al. 2000 , Willershausen et al. 2009 (Tables S4 and S5 ). Some studies used full-mouth intra-oral periapical radiographs (Jansson et al. 2001 , Caplan et al. 2006 , Segura-Egea et al. 2010 , Pasqualini et al. 2012 , Costa et al. 2014 , or only whole-body CT (Glodny et al. 2013 , Petersen et al. 2014 . In two studies, the radiographic method was not specified (Rutger Persson et al. 2003 , Inchingolo et al. 2014 . Use of panoramic radiographs may have caused an underestimation in the prevalence of AP lesions, as this method only detects 28% of lesions (Petersson et al. 2012) . This may partially explain the results of one of the cohort studies, which found a nonsignificant positive association between AP with CVD (Gomes et al. 2016) . When root filled teeth were added to the analysis, the association became significant and independent between (AP + RCT) >= 3 and CVD (RR = 1.77, CI = 1.04-3.02) (Gomes et al. 2016) . Thus, addition of treated teeth may have compensated for the underestimation caused by the use of panoramic radiographs for PA lesion detection in this study.
Reliability of radiographic interpretation
The radiographic interpretation may have a critical influence on the study results. Radiolucent lesions are not always easy to detect by two-dimensional radiograph, especially when they are small. When specific criteria are applied, such as a cut-off point to define an AP lesion, this may contribute to variability. When six experienced examiners were asked to determine whether an area of rarefaction was or was not present on one radiograph, the agreement was <50% (Goldman et al. 1972) . In a more recent study, similar results were obtained, even with the addition of cone beam CT for AP evaluation (van der Borden et al. 2013).
Delayed radiographic evidence of the inflammatory process As an inflammatory periapical lesion does not immediately appear radiographically, this may result in an underestimation. Only 70-74% of histological inflammatory processes are detected on the radiograph, meaning that in 26-30% of cases, inflammation was histologically present but no AP could be detected radiographically (Green et al. 1997 , Barthel et al. 2004 . The appearance of a radiolucent lesion on the radiograph is often but not always dependent on its relationship to the cortical bone size and mineral loss percentage (Bender 1982 , Lee & Messer 1986 , Marmary et al. 1999 , Bender & Seltzer 2003a .
Multivariable analysis and confounders
Bivariate analysis investigates two variables to test an association, for example AP (exposure) and CVD (outcome). However, by itself, it cannot determine causality and does not take into consideration the potential influence of other variables that may affect the association. Multivariable analysis takes into account the simultaneous effects of other variables and calculates the strength of the relationship between an exposure and an outcome more accurately. In two studies, the positive association that was found between AP and CVD lost significance after multivariable analysis (Grau et al. 1997 , Glodny et al. 2013 . Periodontitis is a known risk factor for CVD and is a potential confounder that may be responsible for the positive association between AP and CVD in some studies, as it was not controlled (Oikarinen et al. 2009 , Willershausen et al. 2009 , Inchingolo et al. 2014 . The positive association between endodontic burden (AP + RCT) >= 3 and CVD was found to remain significant only in patients with moderate/severe periodontitis, but lost its significance in patients with no/ slight periodontitis (Gomes et al. 2016) .
Selection bias
Study population varied and included only males (Caplan et al. 2006 , Inchingolo et al. 2014 , mostly males (Oikarinen et al. 2009 , Willershausen et al. 2009 , Friedlander et al. 2010 , Pasqualini et al. 2012 or only females (Frisk et al. 2003) . In one study, the gender was not specified (Aleksejuniene et al. 2000) . The remainder of the studies included both genders. Male gender is a known risk factor for CVD and may explain the lack of an association between AP and CVD in some of the studies, especially in the large cross-sectional study which included only women (Frisk et al. 2003) . This may suggest that AP lesions are a contributory risk factor in an already susceptible population. Another selection bias may be present in those studies which used whole-body CT scans of patients who had other medical conditions, including cancer, arthritic degeneration or trauma (Glodny et al. 2013 , Petersen et al. 2014 . These diseases may lead to distortion of Endodontic lesions and cardiovascular diseases Berlin-Broner et al.
the real relationship between inflammatory AP and CVD by increasing systemic inflammation or by modifying the immune response due to various therapies directed at the primary disease, and this could result in wrong data interpretation. Future studies should control for the background health status of the study population.
Publication Bias
Publication bias is another important issue which needs to be taken into account in coming to conclusions. This limitation exists because results from every study performed are not necessarily published. Results may not be published because they are negative, contrary to the expectations of the authors, or because they may not be of great interest. There may also be bias as a result of the interests of the sponsor of the study.
Heterogeneity
As already mentioned, due to the high degree of heterogeneity amongst the included studies, in terms of their study design, study population, outcomes of interest and AP evaluation methods (Tables S4 and  S5) , a meta-analysis was not attempted. The degree of diversity between studies is due to lack of published guidelines and recommendations in the field. Different attempts were made to study various aspects of CVD, rather than concentrating on one aspect (see 'Outcome definitions' below). Regarding the case/exposure (PAL) definition, the high degree of heterogeneity here was due to the various definitions of PALs (based on size) and diversity of accepted or less accepted methods for evaluation of AP (two-dimensional images, such as periapical radiographs and panoramic radiographs versus threedimensional radiographs, including cone beam CT and CT) (see 'Case/Exposure definitions of AP across studies', 'Quality and type of radiographs', 'Reliability of radiographic interpretation'). Based on the heterogeneity that was uncovered in the present systematic review, professional associations should develop a set of core methods and outcomes to recommend for future studies.
Outcome definitions of CVD across studies
The outcome of interest was heterogenic amongst the studies (Tables S4 and S5 ). CVD was represented by many conditions, including angina pectoris, myocardial infarction, cerebrovascular insult, acute myocardial infarction, chronic ischaemic heart disease, coronary calcified atheroma, hypertension, initial endothelial impairment/reduced endothelial flow rate, aortic atherosclerosis, oxidative balance and mortality related to CVD. Different evaluation methods were used, including self-reporting of CVD/ hypertension (Aleksejuniene et al. 2000 , Frisk et al. 2003 , Segura-Egea et al. 2010 , measuring the aortic atherosclerotic burden by a calcium scoring method (Glodny et al. 2013 , Petersen et al. 2014 , Doppler ultrasound (Friedlander et al. 2010 ) and measurement of plasma markers (Cotti et al. 2011 . The heterogeneity in the outcome definitions between studies makes it difficult or ill-advised to combine the results from different studies. Clinicians, researchers and professional associations are called upon to publish definitive guideline and recommendations for the best existing and reliable method(s) to evaluate the state of the cardiovascular system (such as blood inflammatory markers, chronic versus acute signs and symptoms). There is an imperative need for a uniform protocol to allow indisputable comparison between different studies.
Case/Exposure definitions of AP across studies Heterogeneity also existed in the size of the PALs to be included in the study and in scoring methods. These different definitions of AP may serve as a potential source of discrepancy across studies (Tables  S4 and S5 ). The question as to whether the size of the PAL has influence on the association remains to be answered. Studies that used self-reporting questionnaires to evaluate the presence of endodontic status (e.g. 'Have you ever had an endodontic therapy?'), without radiologic confirmation, were excluded from the quality assessment part of this systematic review, due to the unreliability of the selfreport method (Caplan et al. 2006 , Joshipura et al. 2006 , Arroll et al. 2010 ).
Level of evidence
The overall level of evidence of the included studies is moderate-low, according to GRADE (Balshem et al. 2011) . The reader should be aware that even though some of the studies sum up to more than six of eight or nine stars based on the NOS, the level of evidence is still moderate-low (GRADE). Clinicians and researchers are called upon to perform more high-quality research in the field to fill the gaps of knowledge.
Limitations of the study
The major limitation of this review was the clinical heterogeneity amongst the included studies with regard to outcome (CVD) and exposure (AP) definitions and diagnostic methods. As a result, a metaanalysis was not attempted. The entire range of CVD and cerebrovascular disease outcomes included hypertension, morbidity and mortality in cohort studies and coronary heart disease and acute myocardial infarctions in cross-sectional and case-control studies. Methods of AP assessment also widely varied amongst studies and included panoramic radiographs, fullmouth radiographs and CT. Moreover, different definitions of AP lesion size and scoring systems were used.
Comparison of findings with other systematic reviews
This is the first systematic review of the evidence on the association between AP and CVD. There were no identified systematic reviews specifically investigating the association between AP and CVD. However, one recently published systematic review investigated the association between AP and systemic inflammatory markers (Gomes et al. 2013) . Although the available evidence was limited, the authors found that AP was associated with increased levels of C reactive protein (CRP), IL-1, IL-2, IL-6, ADMA, IgA, IgG and IgM in humans. These findings suggest that AP contributes to a systemic immune response not confined to the localized lesion, potentially leading to increased systemic inflammation (Gomes et al. 2013) , and would be consistent with the present findings related to CVD. The association between periodontitis and CVD has been more widely investigated, and a positive association has been established in a systematic review of observational studies (Blaizot et al. 2009) . A meta-analysis concluded that periodontal disease appears to be associated with a 19% increase in risk of future coronary heart disease and the increase in RR was more prominent (44%) in persons aged 65 or greater (Blaizot et al. 2009 ).
Implications for clinical practice and research
Within the limitations of the available literature, clinicians should bear in mind that PALs may not only have local manifestations but also systemic ramifications, as has been already shown for periodontitis (Beck et al. 1996 , Madianos et al. 2002 . Due to the lack of longterm longitudinal studies, strong evidence for the association between AP and CVD could not be obtained. A causative relationship, if established, may have a critical impact in both the dental and medical fields. Mechanisms linking endodontic disease to CVD risk might be similar to those hypothesized for associations between periodontal disease and CVD, in which a localized inflammatory response to a bacterial infection leads to release of cytokines into the systemic circulation and subsequent deleterious vascular effects (Lockhart et al. 2012) . A recently published study has revealed more extensive mechanistic detail (Brown et al. 2015) . The prevailing theory is that localized oral infections, by increasing systematic inflammation/oxidative stress, exacerbate CVD, contribute to future events or decrease the threshold for CVD events (Lockhart et al. 2012 , Gomes et al. 2013 , Brown et al. 2015 . The presence of AP can be considered an additive risk factor for CVD, along with active periodontal disease.
Although the contributing absolute risk to CVD from oral infections may be relatively small, risk factors for CVD are additive. Because PALs are often silent, they may be overlooked during clinical assessment of CVD, despite the fact that they are very common in the age group of patients prone to atherosclerosis.
If AP truly caused CVD, treatment of oral conditions such as PALs may reduce atherosclerosis development, and sequel such as heart attack and stroke, especially in high-risk populations. Recognition of PALs as a contributory risk factor for systemic inflammatory conditions such as atherosclerosis will provide incentive for prevention and early intervention. Educating dental health professionals, medical professionals, patients and policymakers about the impact of oral inflammation stemming from chronic AP on systemic health will increase awareness of the need to include oral health assessment, treatment and preventive strategies as a means to improve health outcomes in the population worldwide.
Future directions
Future research should be directed towards studies with long-term follow-up and better control of confounders and clinical trials that test underlining mechanisms linking inflammatory AP and CVD. Animal experimentation is also key to a better understanding of the pathophysiology of AP and CVD. There is significant research potential in this area, as oral inflammatory status may contribute to the severity of other systemic chronic inflammatory conditions as well.
Conclusions
In conclusion, although most of the published studies found a positive association between AP and CVD, the quality of the existing evidence is moderate-low and a causal relationship cannot be established.
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